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Towards Mortality Risk Stratification in Sepsis

= Sepis is costly

— As of 2011, sepsis affects nearly 1 million Americans in
hospitals (28-50% mortality) and costs nearly $20 billion
every year

= Sepsis is heterogeneous in its presentation OF AN lNF

— Elderly, young, immuno-compromised and those with 'f°ﬁ°:l:'°°:li;1:::ia;:n';fd'i:f::cmlf“ms
pre-exsiting conditions are particularly at risk 4 :

+ Looks mottled, bluish or pale
+ |s very lethargic or difficult to wake
+ Feels abnormally cold to touch

= Sepsis is difficult to recognize and treat « Is breathing very fast

+ Has a rash that does not fade when you press it

— Fever, chills, rapid breathing and heart rate, Vsl

disorientation & confusion

Acting quickly could save your chikd’s life. If your chikd has any of these

— Mortahty increases by 7.6% Wlth every hour anti- symptoms, don't be afrail to go to AXKE immediately or call 999.
microbial administration is delayed after onset of | | ' _
hypotension (Kumar et al., 2006) i L e i o TRAT

https://www.nigms.nih.gov/education/pages/factsheet_sepsis.aspx http://sepsistrust.org
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Sepsis Detection and
Treatment at

Kaiser Permanente
Northern California

= Clear and present need to:

= Stratify patients accurately using
all relevant observations

= Detect physiological changes
associated with adverse outcomes
as early as possible

= |dentify clinically actionable
signatures of physiological
deterioration of patient

REV. 2015/09

@ Sepsis Process Map

Obtain lactate in first 60 minutes
Start fluid resuscitation
1st hour: Initiate source search & document suspicion of infection
Recognize and

Risk-Stratify

Septic Shock

Severe Sepsis +
Intermediate Lactate

Lactate 2-3.9

Severe Sepsis +
Organ Dysfunction*
SBP < 90 after fluid
and/or Lactate = 4

30 mi/kg IV Fluid

Lactate < 2

Before 3™ hour: * Obtain blood cultures

* * 30 ml/kg or 2 L IV Fluid
Resuscitate * Obtain blood cultures * Obtain blood cultures * Start antibiotics
d Initi * Start antibiotics  Start antibiotics * Repeat lactate with change
and Initiate * Repeat lactate every 3 - Repeat lactate every 3 in patient condition
Antibiotics hours until normal hours until normal or

*0Organ dysfunction:
* Hypoxia

Delirium

Creatinine > 2.0 or oliguria
Bilirubin > 2 mg/dL
Platelet count < 100,000
INR > 1.5 or aPTT > 60 sec

Ica ’60

For persistent hypotension,

place thoracic central line

and start vasopressor < 3 .

hours from onset of . -
- suscitate ;¢ :

i hypotension “d ré as 2

Continue 55655 2 Ing,

improving

Continually
Reassess and

Resuscitation

Reassess very frequently. Reassess Frequently

Goals & PhVSfCia“ documents: O Monitor for hypotension
.. O vitals [ Respond to changes in condition
Prmuples O cardiopulmonary O Escalate care as needed

O capillary refill
O Peripheral pulse

Goal is early,

aggressive

resuscitation O Skin examination

followed by G )
recurrent assessment Volume Overload: Minimize IV fluid

* Start vasopressor if hypotensive

of patient condition . B b
* Consider central line if indicated

* Hypoxia
* Rales
* Pulmonary Edema

¢ CVP>12

Antibiotics ASAP:

< 3 hrs of ED arrival

or onset of

hypotension

* Give 500 mI NS or LR
bolus if no volume
overload

 Start vasopressor if
hypotension persists

* Achieve MAP > 65 or
start vasopressor
within 3 hrs of onset
of hypotension

Poor Vitals:

« SBP < 100

* Shock index > 0.8
* On vasopressor

Poor Perfusion: or
* Mottled, cool skin
* Poor lactate clearance
¢ Oliguria
* ALOC

Good Perfusion & Vitals

Ensure appropriate and safe disposition

Consider ICU Observe / Admit

#% KAISER PERMANENTE.

Reassess lactate at
least every 6 hours

¢ 100 - 200 ml/hr NS or LR
maintenance IV

Use ultrasound
and/or NICOM to
guide fluid
resuscitation

Consider CVP + ScvO,
guided EGDT for
complex cases

Admit ICU

© 2015 The Permanente Medical Group, Inc.
For reprints or updates go to the Sepsis Website hosted by
Quality and Operations Support: http://qos.appl.kp.org/sepsis/index_sepsisapp.html



Composite Mixture Models: Flexible Analysis of
Multi-Typed Data from Heterogeneous Populations

Pr(x

Proportion of population
belonging to component k

0) =

Parameters specific to
component k and

dimension i
= \We assume that;:

1. Population is heterogeneous (can be divided into subgroups or components)

2. Each observation dimension can be modeled with an appropriate univariate,
exponential family distribution (Pr;)

3. Observation dimensions are independent of one another given mixture component

= Complex dependencies can be recovered by averaging over a sufficient number of
mixture components

Sales et al., 2013; Wasson & Sales, 2014
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Description of KPNC EMR Analysis Cohort

EMR observations:
= Are both static (e.g. gender) and dynamic (e.g. patient vital signs)
= Are both discrete (e.g. diagnosis codes) and continuous (e.g. acute disease burden)
= Tend to have missing entries

53,659 emergency department hospitalizations (~46k patients)
= Minimum of 12-hour stay
= At least 3 vitals obs. at 3 hours of stay
= Patient had suspected or confirmed infection
= Mortality rate: 6.4%, Mean age: 67yo, 51% female

Admission/Demographic features:
" age, sex
= LAPS2, COPS2 — measures of acute & chronic illness, respectively
= Kaiser-specific variables (Facility code, Membership indicator, Transport from non-KP facility indicator)

Vitals features:
= Median, max, min, and standard deviation at 3, 6 and 12 hours post-admission
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Inferred Physiological Space is Complex
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CMMs Reveal Temporal Patterns that Aid Risk
Stratification of Septic Patients

-log no. of mortality
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CMM-Based Cluster Analysis Identifies
Physiologically Distinct Sub-Populations

02| = LAPS2 and COPS2 are KPNC
measures of acute and
chronic disease burden,
respectively
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CMMs Enable Visualization of Physiological
Trends Associated with Elevated Mortality Risk

Body Temperature Std. Dev.
(12h Post-Admission)
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CMMs Can Enhance Missing Data Imputation
Performance

Imputation method
2.0- . Cluster mean imputation (complete records)
. Cluster mean imputation (population mean imputation)

. MICE (predictive mean matching)

Distance relative to population mean imputation
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